Microdeletion 15q24 is an emerging syndrome recently described, mainly due to increased use of array-CGH. Clinical features associate mild to moderate developmental delay, typical facial characteristics (high forehead and frontal hairline, broad eyebrows, down-slanting palpebral features, long philtrum), hands (particularly proximal implanted thumbs) and genital anomalies (micropenis, hypospadias).
Introduction
Microdeletion of 15q24 is a recent emerging syndrome mainly identified due to widespread use of array-CGH widespread use. Although there is an important phenotypic variability, patients may share some common findings, and these deletions could potentially represent a clinically identifiable syndrome (Sharp and others 2007) .
Clinical features therefore associate mild to moderate developmental delay, distinctive facial characteristics (high forehead and frontal hairline, broad eyebrows, down-slanting palpebral features, long philtrum), hand anomalies (particularly proximal placement of thumbs), and genital malformations in males (micropenis, hypospadias) (Cushman and others 2005; Sharp and others 2007) (Klopocki and others 2008) .
We report detailed studies of four patients with 15q24 deletions, having common features and compare these findings with 9 previously reported cases in the literature 
Patients and Methods
Patient 1 is the first child of healthy non consanguineous parents, born after a previous early miscarriage. During pregnancy, intra uterine growth retardation (IUGR) was diagnosed at 26 weeks' gestation (WG). Later on, ventricular septal defect was identified on the third trimester ultrasound, together with single umbilical artery.
Chromosome analysis and 22q11.2 FISH performed on amniotic fluid were normal. He was born at 35 WG by caesarean section performed for maternal preeclampsia, with a birth weight of 1.900 kg (10-25 th centile), a length of 43 cm (10-25 th centile), and a head circumference of 30 cm (10-25 th centile). At birth, several malformations were identified including an imperforate anus, a bilateral iris coloboma, bilateral single 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Several investigations were performed that includes, high resolution chromosome banding which was normal, along with renal scan, skeletal x-rays, electromyogram and nerve conduction velocities. Visual evoked potentials and 7-dehydrocholesterol were also normal except brain MRI that revealed cerebral atrophy and enlarged ventricles.
Patient 2 is the third child of healthy non consanguineous parents. He was born after a normal pregnancy, at 38 WG with normal growth parameters (weight 3.170 kg, height 53 cm and HC 33 cm). Hypospadias was noted at birth in association with hypotonia and short proximal implanted thumbs. Dysmorphic features comprising of high and large forehead with small mouth were observed (Fig. 1b) . Developmental delay occurred later on, and walking independantly was achieved at 29 months. When referred to the genetic clinic at 3 years, growth parameters were normal. However, joint laxity Semi-circular canals were normal. CHD7 molecular analysis was normal that ruled out CHARGE syndrome.
Patient 4 is the first child of healthy non consanguineous parents. During pregnancy, intra uterine growth retardation was noted. She was born at 37 WG with a weight of 1.850 kg, height of 45.5 cm and HC of 31 cm. At birth, dysmorphic facial features were noted with large and high forehead, flat midface, thin lips, small mouth and posteriorly rotated ears. Developmental delay was noted, with sitting at 11 months, walking at 2 ½ years and first words at 3 years. When reviewed in the genetic clinic at the age of 7 
Array-CGH analysis
Genomic DNA was extracted from the four patients' peripheral blood lymphocytes using the QIAamp DNA Blood Midi kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. DNA concentration was determined with NanoDrop ND-1000 spectrophotometer and software (NanoDrop Technologies, Berlin, Germany).
Detection of gene copy number was performed by array-Comparative Genomic
Hybridization (array-CGH) experiments following standard and manufacturer's recommendations using 44.000 oligo probes approximately spaced at 40-100 kb intervals across the genome (Human Genome CGH microarray 44B kit, Agilent™).
Male or female genomic DNA (Promega™) was used as reference in sex-match hybridizations which were analyzed with the CGH-analytics software v3.4 by applying Z-score segmentation algorithm with a window size of 10 points to identify chromosome aberrations. Analysis was performed with filter settings: 3-point filter and 
Results
Array-CGH 44K Agilent™ showed 2.5-6.1 Mb deletions involving 15q24 ( Fig. 2): one 15q23q24.2 (patient 1) and three 15q24.1q24.2 deletions (Table I) .
FISH studies confirmed the 15q23q24.2 aberration elicited by array-CGH, since the RP11-64K10 and RP11-141J4 clones were deleted. The deletion was absent on parental DNA and appeared to be de novo in patient 1: 46,XY,ish
For the deleted 15q24.1q24.2 in patients 2, 3 and 4: RP11-141J4 clone was deleted and absence of deletion in the parents confirmed de novo origin.
Discussion
There are several reports of 15q deletions involving q24. However, to the best of our knowledge, only 7 published cases have been identified by array-CGH ( Patient 1 is bearing the largest deletion and showed the most severe phenotype.
Additional clinical characteristics may thus be correlated to the 3Mb additional 15q23 deletion between 67.8 and 70.8 Mb. Since eye abnormalities have been previously reported in the literature and also identified in our patients, we focused our attention on STRA6 which is involved in syndromic autosomal recessive microphthalmia type 9 (MCOPS9). Bilateral iris coloboma was present in patient 1. Ophthalmologic examination of two patients with HCN4 is strongly expressed in the heart and loss of function of HCN4 can be associated with sinus nodal dysfunction such as QT prolongation and polymorphic ventricular tachycardia which may lead to sudden unexpected death (Ueda and others 2004) . Therefore, cardiac follow-up may be useful in 15q24 deleted patients. ECG had been performed in all 4 patients and was normal.
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